Background: Malaria is the leading cause of morbidity and mortality in Uganda particularly among children under 5 years of age. Objectives: The study assessed the knowledge and practices on malaria prevention in 2 rural communities in Wakiso District, Uganda with emphasis on the various prevention methods. Methods: The study was a cross-sectional survey carried out among 376 households using both quantitative and qualitative methods. Log-binomial regression, chi square and Spearman's rank order correlation were used to test for associations. Results: The majority of participants (64.6%) had low knowledge on malaria prevention methods, with untreated mosquito nets (81.7%), mosquito coils (36.9%) and insecticide treated nets (29.6%) being the most known methods. Knowledge on malaria prevention methods was associated with age (χ2 = 32.1; p < 0.01), employment status (χ2 = 18.1; p < 0.01), education (χ2 = 20.3; p = 0.01), income (χ2 = 14.5; p = 0.01) and having heard a malaria message in the previous 12 months (χ2 = 92.3; p < 0.01). Households that had at least one mosquito net were 45.5% and net ownership increased with household income. Only 0.5% of the houses had undergone indoor residual spraying in the previous 12 months, while 2.1% had complete mosquito proofing in windows and ventilators to prevent mosquito entry. Conclusion: There is potential to improve practices on malaria prevention by targeting other methods beyond mosquito nets such as installing proofing in windows and ventilators. The integrated approach to malaria prevention which advocates the use of several malaria prevention methods in a holistic manner should be explored for this purpose.
Introduction
Malaria is a significant public health challenge particularly in sub-Saharan Africa. In 2012, there were an estimated 207 million cases of the disease worldwide with most (80%) being in Africa 1 . In Uganda, malaria is the leading cause of morbidity and mortality especially among children under five years of age. An estimated 8-13 million cases occur per year and account for approximately 30-50% of outpatient care, 15-20% of health facility admissions and 9-14% of inpatient deaths in the country 2 . Uganda ranks fourth among the highest malaria burdened countries in the WHO African region based on the estimated number of cases 3 . In addition to its impact on health, the burden of malaria in the country has also social and economic dimensions. The social dimension includes hindrances to usual social participation due to the disease. The economic costs can be direct including seeking treatment or preventive measures, or indirect ones such as low productivity due to absenteeism from school / work and time lost caring for the sick are use of long lasting insecticidal nets (LLINs), indoor residual spraying (IRS), preventive chemotherapy including intermittent preventive treatment among pregnant women, and prompt diagnosis and treatment 1 . These strategies are also being used in the control of malaria in Uganda 2 . The use of insecticide treated nets (ITNs) has significantly increased in recent years. Households that own at least one ITN are estimated at 60%, while 45% of Ugandans have access to an ITN
.
The Ministry of Health has previously provided free ITNs especially for children under five years of age and pregnant women with over three million nets being distributed since 2006 6 . However, the disease still causes a great burden to the country's health system 7 . In addition to the use of ITNs and IRS, other measures can be implemented at household level to reduce mosquitoes that transmit the disease. These measures include installing screens in windows, ventilators, and eaves to prevent entry of mosquitoes; eliminating mosquito breeding sites notably stagnant water for instance through filling with soil; larviciding; and reducing vegetation near houses where mosquitoes habour 8, 9, 10 . Several challenges have been identified while seeking health care for malaria (and other illnesses) in Uganda. The challenges include travelling long distances to health facilities and regular stock out of drugs 11 .
The success of malaria control interventions requires high utilisation of global and national interventions 12 . However, inadequate knowledge is a main challenge for the appropriate use of these interventions at individual and community levels 13 . Indeed, knowledge on malaria prevention methods is likely to influence practices by households in the control of the disease. It is therefore important to establish communities' knowledge and practices on malaria control particularly in rural areas which face a high burden of the disease 2, 14 . This study assessed the knowledge and practices on malaria prevention in two rural communities in Wakiso district, Uganda with emphasis on the various prevention strategies that can be used. The study was carried out as a baseline survey before implementation of a pilot project that promoted the integrated approach to malaria prevention which advocates the use of several malaria prevention methods in a holistic manner at households 15 .
Methods

Study design and setting
This was a cross-sectional survey carried out in 2011. The study involved 376 households from 2 villages in rural Uganda. The villages were Mayanzi in Entebbe Municipality and Lukose in Ssisa sub-county both in Wakiso District. Wakiso District is located in the central region of the country with a population of 1,315,300 (data from Uganda Bureau of Statistics) and encircles Kampala, the capital city. The villages and households involved in the study were randomly selected using available local data. The lists of households obtained from the village chairpersons were used to systematically select the households involved in the study. The systematic sampling interval used for each village was obtained based on the number of households therein and required sample size. A structured questionnaire and observational checklist were used to collect quantitative data, while 10 key informant interviews provided qualitative data. The key informants were community health workers (CHWs), village leaders, and health practitioners in the study area selected based on their availability and nature of their work.
Data collection and measurements
The questionnaire, which was piloted and translated into the local language, gathered information on malaria prevention and control including participants' knowledge and household practices. The observational checklist assessed the environmental conditions at households that are associated with occurrence of malaria. Use of the checklist included observing the presence of mosquito breeding sites and mosquito proofing in windows, ventilators and open eaves. From the households selected, only one member per household, preferably the household head participated in the study. In situations where the household head was not available or unwilling to take part, any other adult present was included.
The participants provided information on their knowledge on malaria prevention, the methods that were being used by their households to prevent the occurrence of malaria, and their health seeking behaviour when a child under 5 years of age in their household had malaria. The question regarding knowledge on malaria prevention methods had 7 possible responses plus any other mentioned by the participants. The 7 methods regarding knowledge were use of untreated mosquito nets, ITNs, mosquito coils, spraying houses with insecticides, taking preventive medicine, mosquito repellents and draining mosquito breeding sites. Knowledge on malaria prevention was therefore assessed by the number of malaria prevention methods mentioned by the participants, with each method contributing a score of 1 to form an assessment score. Participants with an assessment score of 0 were categorized as having no knowledge; 1 -3 low knowledge; 4 -6 medium knowledge and above 6 high knowledge.
The knowledge assessment scores were converted into percentages using the number of participants in each category as the numerator and total number of participants involved in the study as the denominator. Practices on malaria prevention were assessed by the individual methods being used by households to prevent malaria and related risk factors which were obtained from the questionnaire and observational checklist. The practices and risk factors obtained from the questionnaire were use of mosquito nets (treated and untreated), IRS and time of closing windows while those observed were mosquito proofing in windows and ventilators, presence of stagnant water and presence of overgrown vegetation. Key informants provided in-depth data on community knowledge and practices on malaria prevention which was used to supplement the quantitative data.
Data analysis
Quantitative data was entered in SPSS version 17 and transferred to STATA version 12 statistical software for analysis. At univariate level, categorical variables were summarized using frequencies and percentages while continuous ones are presented using mean and inter-quartile range. The chi-square test was used to identify potential factors that may be associated with knowledge on malaria prevention methods among the participants. Since use of LLINs is the most advocated method for malaria prevention globally and nationally, factors associated with ownership of mosquito nets, and the relationship between number of nets owned with household size were identified. For bivariate and multivariate analysis, log-binomial regression model was used to estimate the crude and adjusted prevalence rate ratios at 95% confidence intervals for the factors associated with ownership of mosquito nets. Covariates that were significant at p <0.1 at bivariate level and those with biological plausibility were included in multivariable analysis. Spearman's rank order correlation was run to assess the relationship between number of mosquito nets in households and household size.
From the transcribed qualitative data, summaries were generated highlighting the emerging issues. Coding of the data was then done for all the transcribed work. The coded data was then used to identify the key emerging themes from the qualitative data which was guided by the summaries initially generated. After the themes were identified, the transcribed data was reread to ensure that all coded data was correctly assigned to respective themes.
Ethical considerations
Approval to conduct the research was obtained from the Makerere University School of Public Health Higher Degrees, Research and Ethics Committee. The study was also registered at the Uganda National Council for Science and Technology. The local leaders of the study area were duly informed about the study and permission obtained from them before collecting data. Written informed consent was obtained from participants before they took part in the study.
Results
Socio-demographic characteristics of participants
Majority of participants had gone to school, with 45.2% having attained primary school education as their highest level of education and 39.1% with secondary school education. Nearly half of the participants (49.2%) had an average household monthly income between 20 -60 US dollars (USD) with only 5.9% earning more than 100 USD. Over half of the participants (50.5%) had household size between 4 -6 members while most were female (67.6%). The largest number of participants (33.8%) was in the age category of 25 -34 years (Table 1) . Knowledge on malaria prevention Majority of participants (89.6%) were aware of malaria being transmitted through mosquito bites. However, other transmission routes of the disease given were cold / changing weather (11.7%), drinking un-boiled water (10.1%) and eating maize (6.9%). Over half of the participants (56.1%) had heard or seen messages about malaria in the previous 12 months. The main source of malaria information was radio (70.6%) while others were health facilities (9.5%), community leaders (5.2%) and television (4.3%).
Majority of participants (67.6%) were aware of ways to avoid getting malaria. The most prominent methods were: sleeping under mosquito nets including untreated (81.7%) and insecticide treated ones (29.6%), using mosquito coils (36.9%) and spraying houses with insecticides (17.3%) (Figure 1 ).
Figure 1 Knowledge on individual malaria prevention methods
From the assessment score, the majority of participants (64.6%) had low knowledge on malaria prevention methods, with the rest having no (32.5%) or medium (2.9%) knowledge. None of the participants had high knowledge on malaria prevention methods. The factors found to be associated with knowledge on malaria prevention methods were age (χ2 = 32.1; p < 0.01), employment status (χ2 = 18.1; p < 0.01), education (χ2 = 20.3; p = 0.01), income (χ2 = 14.5; p = 0.01) and having heard malaria message in the previous 12 months (χ2 = 92.3; p < 0.01) ( Table 2 ).
The key informants revealed that although the community was aware of malaria prevention methods such as sleeping under mosquito nets, many families could not afford to implement these measures in their house- 
Practices on malaria prevention
Households that had at least one mosquito net for use in the prevention of malaria were 45.5%, with the mean number of nets being 2.11 (inter quartile range, IQR 1-3) compared to the mean household size of 4.69 (IQR 3-6). The proportion of population who slept Only 0.5% of the participants' houses had undergone IRS in the previous 12 months and this had been done by household members. Only 2.1% houses had complete mosquito proofing in windows and ventilators to prevent mosquito entry. Stagnating water was found around 17.6% of the houses while vessels that could potentially hold water for mosquito breeding were found in 37.2% households (Table 4 ). In addition to the stagnant water in compounds, it was established that numerous persistent pools of water in the community existed that could be used by mosquitoes for breeding: "There are very many mosquito breeding places in this area especially those resulting from excavation of clay for brick making. These breeding sites greatly contribute to the many cases of malaria in our community." CHW.
In 42.8% of households, overgrown vegetation was found within 5 meters of house. Among households that opened the windows on their houses (86.2%), nearly half (47.3%) closed them after 6.00pm (Table 4) .
Health seeking practices
Among the participants, 30.6% had children under 5 years in their households who had had a fever 2 weeks prior to data collection. Among these, 85.2% sought treatment from various sources, the main ones being Government health facilities (59.1%), community health workers (33.7%) and private facilities (21.4%). Treatment was first sought mainly from government facilities (53.1%). Only 29.6% of the households sought treatment for the sick children on the very day the fever began. The rest sought treatment 1 -3 days (61.2%) or more than 3 days (9.2%) after onset of the fever. Among those who did not seek treatment, the main reasons given were the child not being very ill (23.5%), having no money (23.5%), and waiting for the child's parent (11.8%). Most participants (62.2%) had travelled between 1 -4 kilometers to seek treatment when children in their household were sick.
The rest travelled less than 1 kilometer (23.5%) or more than 5 kilometers (9.2%). The long distances that the community had to travel to seek healthcare was a significant challenge: "One of the main challenges we face in seeking health services is the distance we have to cover to get to health facilities. Due to having few Government health facilities, people have to travel very long distances to get treatment. Families therefore spend a lot of money on transportation alone." Village leader.
Majority of participants 62.5% were aware of the existence of community health workers in form of village health teams (VHTs) in their respective areas who distributed malaria medicines. However, among these, 62.7% did not know whether the VHTs had malaria medicine available at the time while only 9.7% confirmed existence of the medicine. The number of VHTs distributing malaria medicine in the community was found to be insufficient: "We have only 4 Government trained VHTs for the whole village. However, it is only 2 of these volunteers who were given malaria drugs for use by children when sick. Due to the many malaria cases among children, this medicine is usually used up in a short time leaving no medicine with these community health workers for long periods". Village leader.
Discussion
The study established that knowledge on malaria prevention methods was low. However, participants were specifically highly aware of sleeping under mosquito nets to prevent malaria. High knowledge on mosquito nets can be attributed to the Ministry of Health's extensive campaign on increasing awareness and use of ITNs in recent years, including free distribution to vulnerable groups of children and pregnant women as established by this study. However, beyond the ITNs provided by the Government, many families could not afford to buy such nets which directly relates to the low income levels in rural areas in Uganda as established by this and other studies 16, 17 . Poverty not only affected use of malaria prevention methods in this study but also health seeking behaviours which has been documented in other studies 18, 19 . Since poverty remains high in rural areas of Uganda, the Government's strategy of free distribution of ITNs is likely to greatly benefit such communities. However, some studies conducted in other parts of Africa have shown misuse of received nets including being used for fishing 20, 21 . Therefore, an all-encompassing approach including health education and targeting other malaria prevention methods is recommended.
Knowledge on malaria prevention methods was associated with age, employment status, education, income and having heard malaria message in the previous 12 months. People who are educated are expected to have had more exposure to malaria prevention methods compared to those who are not 22 . Since education is a contributing factor to employment hence income 23 , the association of these factors to knowledge on malaria is justified. The strong association between knowledge on malaria and having heard malaria message is an indication that increased publicity could contribute towards improving malaria prevention practices in Uganda and beyond 24 .
With less than half of the households owning at least one mosquito net, this most advocated method of malaria prevention was being underutilized. However, it is possible that some participants may have under reported the nets their households had in anticipation of being given ITNs if they had a few or none. It was evident in this study that households gave priority to children under 5 years of age regarding sleeping under mosquito nets, a category most affected by malaria 1 . Indeed, 43.3% of children under 5 years of age slept under a mosquito net the night before the survey compared to 28.4% among the general population. The estimated number of households owning at least one ITN nationally is 60%, with an average of 1.3 ITNs
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. The positive correlation between household size and number of nets owned (Spearman's correlation coefficient = 0.405, p <0.001) could be attributed to households with more children having received more nets from the Government.
However, with the mean number of nets being 2 compared to the mean household size of 5, the available nets among households were clearly insufficient for the members. Ownership of nets increased with household income as established by other studies 25, 26 . This finding is logical as nets are costly and may not be affordable by families with low income. Indeed, participants who were employed and had an income were more likely to own a net in their household as established by this study. The negative association between ownership of nets and participants who were above 34 years could be due to such households having fewer children hence receiving less free nets from the Government. Indeed, nets were provided to households with children under 5 years and/or pregnant women. The current universal coverage campaign by the Ministry of Health where one net is to be given to every two people in a household is likely to benefit all age groups. In this campaign, an estimated 21 million LLINs are to be distributed countrywide 27 . Besides mosquito nets, there was low knowledge and utilization of other malaria prevention methods includ- ing IRS which is a key national and global strategy 7, 12 . Wakiso district in central Uganda where this study was conducted was not among the areas where IRS was implemented by the Government which targeted mainly the northern region of the country 6 . In addition, the use of IRS has been found to have several challenges elsewhere including insecticide smell, mess left by the sprayers, inconvenience of removing household items from houses before spraying, increased prevalence of other insects, perceived ineffectiveness and side effects 28, 29, 30 . Installing proofing in windows and ventilators of houses was also underutilized as has been found in a related study 31 . Although proofing of windows, ventilators and open eaves has historically been used to prevent entry of mosquitoes in houses, the method has been ignored in many communities 32 . In addition to promotion of use of ITNs and IRS, advocating the use of other malaria prevention methods is important in reducing the burden of the disease in endemic countries. Indeed, the integrated approach to malaria prevention promoted in the study community after conducting this survey had immediate benefits such as reduced presence of mosquitoes in houses 15 . It is planned that the long term public health impact of the integrated approach in the study community will be assessed more than 2 years after implementing the project.
This study re-emphasizes the high utilisation of Government health facilities and community health workers in rural communities for the treatment of malaria among children under 5 years of age. However, the challenges of accessing these services established in this study included long distance to facilities, insufficient number of VHTs and stock-out of drugs among them. Similar challenges affecting utilisation of health services have been found in other studies carried out in Uganda and beyond 33, 34 . These health system challenges greatly affect health outcomes particularly in rural communities which are most at need of health services 11 . Therefore to improve the health of rural populations, concerned authorities such as ministries responsible for health need to address these challenges.
Limitations
A major limitation of this study was some of the malaria prevention practices such as use of mosquito nets and IRS were reported as they could not be observed. Nevertheless, for the malaria prevention methods that could be seen including mosquito proofing in windows and ventilators, these were observed with guidance of an observational checklist which is indeed a strength of the study. Another limitation is that the study was conducted in only 2 villages where the pilot project was to be implemented hence a relatively small sample size. This may have affected some statistical tests, and the results may not be generalised to a wider geographical area. Nevertheless, the qualitative data suitably supplemented the quantitative one and the findings can be used to inform future studies.
Conclusion
Besides mosquito nets, knowledge and practices on other malaria prevention methods was low in this study. There is potential to improve practices of malaria prevention by targeting other methods beyond ITNs, such as installing proofing in windows and ventilators. The integrated approach to malaria prevention which advocates the use of several malaria prevention methods in a holistic manner should be explored for this purpose.
